Plasmalogen that contains choline was concentrated from bovine heart to 95% purity from an initial value of 45%, and ethanolamine-containing plasmalogen from bovine brain to 99% purity from initial 64% using phospholipase A 1 from Serratia sp. MK1 in a two-phase system. In the two-phase system, Ca2 + was not required and Tris/HCl buffer and butyl acetate were used as an aqueous phase and a solvent phase of the two-phase system, respectively.
Introduction
Since plasmalogens have several physiological functions, research on them has been of special interest. A severe decrease in cellular plasmalogen content is sufficient to create the lethal abnormalities present in Zellweger Syndrome (Heymans et al. 1983) . Plasmalogens also can alter the physical properties of biological membranes (Goldfine et al. 1987) . Recent evidence from the studies involving Chinese hamster ovary cells suggests that the vinyl ether linkage of plasmalogens may function as an antioxidant and thus protect other membrane lipids and proteins from damage by reactive oxygen species (Zoeller et al. 1988) . Plasmalogens occur in brain tissue, heart and skeletal muscle, red blood cells, and platelets (Horrocks 1972) . Native plasmalogens are found with 1,2-diacylglycerophospholipids and mixture of these two materials is referred as a glycerophospholipid. In order to obtain the purified plasmalogens, many attempts were made to remove the diacyl-glycerophospholipids by selective enzymatic or chemical hydrolysis (Frosolono & Marsh 1973 , Gottfried & Rapport 1962 . For the production of purified plasmalogens, an easy and simple approach is needed. In conventional purification methods of plasmalogen, the use of chemical method results in undesired side reactions. Several enzymes are currently used for the purification of plasmalogen. Until recently, because lipases are rather less expensive than phospholipases, and have broad substrate specificity, they have often been used to concentrate plasmalogen. However, lipases are less stereospecific than phospholipase A 1 and phospholipase A 2 so that the purity and recovery ratio of product was low (Hirashima et al. 1990) . It also takes a long time to hydrolyse the 1,2-diacyl-glycerophospholipids by lipases and large quantities of enzymes are required thus productivity of plasmalogen was low (data not shown). Phospholipases A 1 and A 2 , however, have site specificity and fatty acid specificity. Phospholipase A 1 catalyses the hydrolysis of the ester bond at sn-1 position of 1,2-diacyl-glycerophospholipids to fatty acids and lysophospholipids. However, it is difficult to obtain phospholipase A 1 in large quantities. Recently, we isolated Serratia sp. MK1 with a high phospholipase A 1 activity (Kim et al. 1996) . In this study, the feasibility of concentration of plasmalogen was examined using extracellular phospholipase A 1 from Serratia sp. MK1 in two-phase system and emulsion system. Phospholipid has limited solubility in water, and the resulting mixtures can be very viscous, hence reaction in the two-phase system is considered advan-tageous. Increasing the interfacial area is considered to increase reaction rate significantly because phospholipase reacts at substrate and water interface, and it would be appropriate for phospholipase catalysed reaction. In most of lipase-or phospholipase-catalysed reaction, Ca 2+ was essential for hydrolysis of phospholipid (Wang et al. 1988) . In order to elucidate the necessity of Ca 2+ , we investigated the calcium ion dependence in the emulsion and two-phase system.
Materials and methods

Materials
All lipid chemicals were supplied by Doosan Serdary Research Laboratories (Englewood Cliffs, NJ, USA). Phosphatidylcholine (99% purity), lysophosphatidylcholine (99% purity) and fatty acid (99% purity) were used as standard substances. Choline glycerophospholipids (ChoGpl) from bovine heart and ethanolamine glycerophospholipids (EtnGpl) from bovine brain were used as substrates for phospholipase A 1 catalysed purification reactions. Phospholipid from egg yolk (95% purity) was used as a substrate for the pH titration method for phospholipase activity assay. Butyl acetate was purchased from Junsei Chemical Co. (Japan). All other reagents and chemicals were of analytical grade. All organic solvents used were of extra pure grade.
Cultivation and enzyme solution preparation
Phospholipase A 1 was obtained from Serratia sp. MK1, which was isolated from local soil by our group and its cultivation method was already reported (Kim et al. 1996) . The cells were removed by centrifugation at 3000 g, 4 • C for 15 min to obtain the culture supernatants containing phospholipase A 1 . The supernatant was used as a catalyst for concentration of plasmalogen. The enzyme solution showed 50 units ml −1 in a pH-stat assay.
Enzyme activity assay by pH-stat method
Phospholipase activity was assayed by titrating the free fatty acids released by hydrolysis of the substrate with 10 mM NaOH using a Fisher Titration set consisting of Model 380 pH meter, Model 383 titrator and Model 395 burette/dispenser (modified method of Dennis, 1973) . Egg yolk lecithin emulsion was prepared by emulsifying 2.5% (w/v) egg yolk lecithin for 5 min at 18,000 rpm in a Waring blender. CaCl 2 and sodium deoxycholate in the reaction mixture were adjusted to 10 mM and 2.6 mM, respectively. The assay solution was prewarmed to 40 • C and the reaction was initiated by injecting phospholipase A 1 after pH adjustment (pH 8.0). For the enzyme assay, emulsion was vigorously mixed with enzyme solution with a magnetic bar in a glass vessel for 10 min at 40 • C, pH 8.0. One unit of phospholipase activity was defined as 1 µmol fatty acid equivalent released per min under the assay conditions.
Phospholipid hydrolysis in two phase system
The hydrolysis of 1,2-diacyl-glycerophospholipids was carried out in two-phase system using a glass bottle reactor with constant agitation (400 rpm) by a magnetic stirrer. Temperature was controlled at 40 • C and the pH of the aqueous phase was adjusted to pH 8.0 by using 50 mM buffer. The reaction mixture was composed of phospholipase A 1 (5 units), CaCl 2 solution (10 mM final concentration) in 1.25 ml aqueous phase and phospholipid (25 mg) in 1.25 ml solvent phase. The reactor was tightly closed with Teflon plug.
Phospholipid hydrolysis in emulsion system
To hydrolyse 1,2-diacyl-glycerophospholipids in the emulsion system, the emulsion was prepared by emulsifying phospholipid (25 mg), sodium deoxycholate (2.6 mM final concentration) in 50 mM buffer (pH 8.0) by using a sonicator for 10 min. CaCl 2 (10 mM final concentration) and enzyme solutions (5 units) were added, just before the reaction started. Total reaction volume was 2.5 ml. Other reaction conditions were same as the two-phase system.
Analysis of reaction products
The product of reaction mixture was extracted with chloroform/methanol (2:1, v/v). The extract was analysed for ChoGpl, lysophospholipid and free fatty acid using a thin layer chromatography-flame ionization detector (TLC-FID, Iatron MK-5: Iatron Laboratories, Tokyo, Japan) with monoolein as an internal standard. Solvent extract was applied to the chromarod S-III (Iatron Laboratories, Inc.). It was developed in a mixture of chloroform/methanol/acetic acid/water (25:15:4:2, by vol.) for 40 min and then, they were dried and further developed in a second developing solvent (hexane/diethyl ether/acetic acid = 80:20:1, by vol.) and scanned. Flow rates of air was adjusted to 2.0 l min −1 and hydrogen was 160 ml min −1 .
